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INTERNATIONAL PRELIMINARY 
EXAMINATION REPORT 



International application No. PCT/G BOO/02202 



I. Basis fth report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

1 ,2,5,6 as originally filed 

3,3a,4 with telefax of 1 9/06/2001 



Claims, No.: 

1 -8 with telefax of 1 9/06/2001 

Drawings, sheets: 

1/1 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the intemational application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation fumished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
intemational preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the intemational application in written form. 

□ filed together with the international application in computer readable form. 

□ fumished subsequently to this Authority in written form. 

□ fumished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the intemational application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 
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/ INTERNATIONAL PRELIMINARY 

^ EXAMINATION REPORT International application No. PCT/GBOO/02202 



□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 
considered to go beyond the disclosure as filed (Rule 70.2(c)): 

{Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 

Novelty (N) Yes: Claims 1-8 

No: Claims 

Inventive step (IS) Yes: Claims 1-8 

No: Claims 

Industrial applicability (lA) Yes: Claims 1 -8 

No: Claims 



2. Citations and explanations 
see separate sheet 



Vili. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are rnade: 
see separate sheet 
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INTERNATIONAL PRELIMINARY International application No. PCT/GBOO/02202 

EXAMINATION REPORT - SEPARATE SHEET 



V. 

1 . The document WO 99/09307 (D1 ) is regarded as being the closest prior art to the 
subject-matter of claims 1 and 8, and discloses a diesel engine and a process for 
the reduction of polluting emissions from diesel engine exhaust gases, with an 
oxidation catalyst (5a) and an exhaust gas recirculation system, wherein the EGR 
system (6, 7, 8) is mounted downstream of the oxidation catalyst (5a), so that the 
portion of exhaust gases recirculated has passed through the oxidation catalyst. 
The features in the characterising part of claims 1 and 8 of the present application 
are considered as Involving an inventive step (Article 33(3) PCT), because 
arranging the particulate trap downstream of the EGR system intake is not 
rendered obvious by the prior art. The advantage of this arrangement is that no 
"wet" particulate matter contacts the EGR valve. 

2. Claims 2-7 are dependent on claim 1 and as such also meet the requirements of 
the POT with respect to novelty and inventive step. 

VIII. 

1 . Line 2 of claim 1 should read "catalyst (5a), a particulate trap (5b) ..."; 

2. In claim 5 the term "the filter" Is undefined; 

3. Line 5 of claim 8 should read "... of the point of taking said portion of the 
resulting gas ...". 
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incorporates a catalyst effective to convert NO to NQj under normal operating conditions, 
5 a trap for partictilates moxmted downstream of the catalyst and an exhaust gas recirculation 
system mounted downstream of the trap, and provided with cooling means to cool the 
portion of exhaust gas which is recirculated. 

DE-A-4007S16 describes a diesel engine including an exhaust system having an 
10 oxidation catalyst and a particulate trap located downstream hereof. 

It is noted that the gases for exhaust gas recii^culation in WO 99/09307 and 
DE-A'40075 16 are taken downstream of the trap, thus benefitting fnom reduced particulate. 

15 The present invention provides a modified diesel EGR and catalyst system, 

comprising a diesel engine provided with an exhaust system, which exhaust system 
comprises an oxidation catalyst and an exhaust gas recirculation system, characterised in that 
the exhaust gas recirculation system intake is moxmted downstream of the oxidation catalyst, 
and upstream of a trap for particulates, such that the portion of exhaust gases recirculated 

20 has passed through the oxidation catalyst. 

Preferably, the oxidation catalyst is effective to oxidise at least a portion of NO in 
the exhaust gases to NO2, und6r typical conditions for said engine. More preferably, the 
catalyst is a high loading platinum catalj^ canied on a metal or ceramic flow-through 
25 honeycomb catalyst svqpporL Suci a support nw^y have firom 50 to 800 oelk/sq,m, prefer^ 
about 400cpsL The catalyst may have a loading &om 10 to ISO gm Pt/cu ft of catalyst, 
prrferably 75 to lOOg/cu fi, optionally in associalion with one or more other platinum group 
metals and/or one or more base metal catalysts or promoters, such as Ce, V, W or Zr- 

30 The present invention also provides a process for the xeduction of polluting emissions 

fix>m diesel engine exhaust gas including NOx, comprising passing the engine-out exhaust 
gas thtou^ an oxidation catalyst to generate NO2 from NO in the gas, taking a portion of 
the resulting gas from the resulting gas stream and recycling said portion to the engine intake 
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and trap^ang particulates in a filter mounted downstream of the point of taldqg die resulting 
5 gas and oxidising the particulates by reaction with at least some of the NO2 generated by ifae 
oxidation catalyst Preferably, at least the majoriiy of carbonaceous particles in the 
remaining gases are collected on a trap and continuously or semi-continuously oxicHsed by 
reaction with the NOz. 
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The exhaust gas recirculatioa may be carried out using essmtially well established 
technology, using valves In &e exhaust system and a control system. It is believed that the 
present invention may be operated most efiecdvely at a lower recirculation ratio (eg 5 to 
30% by vol preferably 12 to 20% by vol) than is normal. Although engine intake vacuum 
may provide adequate EGR, it may be preferable to use pumping to provide a vacuum using 
a variable speed fan or pump operating under the control of the oigine management unit 

Preferably, the EGR valve is mounted downstream, in the recirculation loop, of the 
cooler, whereby a proportion of the particulate is removed from the gases in the cooler. 
Since the recirculated gases are enriched with NO2, it is possible, depending upon gas 
temperatures, flow rates and resistcnce times, for a proportion of particulates to be wholly 
or partially combusted within the cooler or "during flight". 

It is to be realised that since only a portion of the exhaust gases is rec^/cled, the 
system and process of the invention desirably include a particulate trap downstream of the 
EGR loop» such that all the gases fed to the exhaust outlet pipe are filtered. A preferred trap 
is an octruded ceramic, eg. cordierite, wall flow filten Other filters including metal mesh 
or metal or ceramic foams, may also be considered. Filters as such are not essential, if the 
system povides sufScient xesidence time for particulate to be oxidised by reaction with NQa 
in flighty possibly adhering to the front face or within the cells of catal>iic components or 
variants on these. 

The present invention is believed to offer, in its preferred embodiments, certain 
unexpected advantages. The invention, because it does not depend upon a NOx reduction 
catalyst reaching light-ofif tempCTature, is efifective to reduce NOx at all engine operating 
temperatures. This has increasing importance as diesel ragines are designed to give 
increasing dOScienc^ and exhaust gas temperatures fall. Additionally, traditional EGR 
systems suffer from wear and other degradation both of the EOR valves v^ch aie used to 
extract the redrcuiadng portion of the exhaust gases, and on engine or exhaust-components 
themselves. Such degradation may lead to expensive rebuilds and engine do^wntime, and a 
system that offers the potential for sa^aDgs in this area has considerable econonoic value. 
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1, A diesd engine (1) provided with an e)Chaost system (4) comprising sn oxidation 
catalyst (5a), a particulated trap (5b) and an exhaust gas recirculation system ("EGR"), 
wherein the EGR system intake (6) is mounted downstream of the oxidation catalyst, so that 
the portion of recirculated exhaust gas passes through the oxidation catalyst, characterised 
10 in that the particulate trap is downstream of the EGR system intake. 

^ " 2. A system according to claim 1, so ammged that all of the remainder of the 
un-recirculated exhaiist gas passes through the particxilate trap. 

15 3. A system according to claun 1, wherein the particulate trap is mounted in the EGR 
system. 



4. A system according to claim 1 , 2 or 3, wherein the particulate trap is effective to trap 
at least 50% by wt of particulates in the exhaust gas* 

5. A ^^em according to claim 4, wherein the particulate trap comprises by-pass means, 
the arrangement being such that blocking of the filter does not cause excessive 
back-pressure in the exhaust system. 

6. A system according to any preceding daixn^ wiaciein the reciroulatiott ratio of the 
EGR system may be varied ftom 5 to 30% by volume. 

7. A system according to any preceding claim, comprismg a cooler (7) for the 
recirculated gases, said cooler being mounted upstream of an EGR valve (8). 

30 

8. A process for the reduction of polluting emissions fiom diesel engine exhaust gas 
including NOx, comprising passing the engine-out exhaust gas through an oxidation catalyst 
to generate NO2 from NO in the gas, takuag a portion of (he resulting gas from the resulting 
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gas stream and recycling said portion to the engine intake and trapping particulates in a filter 
mounted downstream of the point of taking the resulting gas and oxidising the particulates 
by reaction witij at least some of the NO2 generated by the oxidation catalyst 
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